PLATES 15 AND 16.
Many recent papers on the islands of Langerhans in the pancreas refer to the effects produced by ligation of the pancreatic ducts. Mankowski, Pratt and Spooner, and others state that after ligation the islands of Langerhans show no especial immunity, acinar and islet cells alike undergoing necrosis. On the other hand, such investigators as Vassale, Schulze, Ssobolew, and De Witt, affirm the persistence of the unaltered islet cells when the acinar cells have become atrophied. Lombroso states that after occlusion of the ducts some acinar as well as islet cells persist, while Dale holds that the preexisting islets show no especial resistance, but that some of the acinar cells which escape atrophy assume the islet form. Laguesse shows the persistence of islet tissue but adds that after occlusion of the ducts new islets can bud at the expense of the excretory canals. The question of the persistence of the islets is of special importance when regarded from the standpoint of the relation of the islands of Langerhans to glycosuria. For, while the observations of Meting, Minkowski, and others showed that glycosuria invariably resulted from complete removal of the pancreas, it has since generally been shown that ligation of the ducts is not followed by glycosuria.
In a paper on the relation of the islands of Langerhans to glycosuria, MacCallum 1 describes an experiment which was made in order to test this point. A distal portion of the pancreas of a dog, comprising about one third of the whole gland, was separated, and the ducts were ligated. Seven months later the isolated portion was *Received for publication, November I, 1911. i Bull. Johns Hopkins Hosp., 19o9, xx, 265. 101 found to be reduced to a mere thickening of the mesentery, in which, however, abundant blood vessels could be seen. At that time, the normal remainder of the gland was completely removed. Glycosuria followed, but was very slight and transient, lasting only three days, after which time a very considerable tolerance for sugar was attained. Twenty-one days later, the abdomen was again opened and the opalescent' area in the mesentery removed. This was followed by extreme glycosuria. Unfortunately, the thyroid was removed some days later, after which the glycosuria disappeared.
Microscopically, the portion of the mesentery which had been removed showed remnants of the atrophied pancreas consisting of shrunken ducts and masses of cells. The cells were morphologically like the islet cells. Nevertheless, their appearance was not so typical as to eliminate all doubt in this respect.
The present study was undertaken for the purpose of answering, if possible, the question whether the groups of cells described by MacCallum and others were really persisting islands of Langerhans. It was thought that this could be shown by means of some differential stain which would bring out a sharp contrast between the secreting cells of the pancreas and the cells of the islands of Langerhans; a contrast so sharp that there could be no possibility of mistaking their identity, even when seen under completely altered conditions.
These requirements seemed to be fulfilled by Lane's ~ method in which Bensley's neutral gentian is used after an alcoholic or aqueous chrome sublimate solution. The results after fixation in the alcoholic solution were generally unsatisfactory; the best were obtained from a slight modification .of the aqueous chrome sublimate method. The results, however, did not entirely agree with those described by Lane. Practically all the islet cells showed granules after the aqueous fixation, and the larger cells, instead of failing to show them, were often those which appeared most crowded with granules. It seems possible that, as in the acinar cells, the difference in the number and arrangement of the granules is simply an indication of the functional activity of the cells. Figure I shows the pancreas of a normal guinea pig which had *Am. Jour. Anat., vii, 409. been removed from the anesthetized animal during life and after fixation in the aqueous solution, stained with neutral gentian. The islet cells are filled exclusively with very fine dark blue granules, while the dark zymogen granules of the acinar cells stain a reddish brown. The acinar cells never showed blue granules. It could be expected, therefore, that the islet cells would be recognizable as such if this distinctive character was maintained after ligation of the ducts. Guinea pig D was operated upon in the same way as described for the dog in MacCallum's paper, the ducts being tied off by means of two differently colored threads and the area between divided so that the distal portion of the pancreas was quite separated from the rest. Three weeks later, when both portions of the pancreas were removed, that distal to the ligature was found considerably shrunken and surrounded by adhesions.
Microscopically, the isolated portion showed one or two areas of necrosis evidently due to disturbance of the blood supply. Throughout the remaining areas there was a greatly increased amount of connective tissue in which were embedded the shrunken, though still recognizable, pancreatic lobules. While much shrunken, many of the cells still showed the typical zymogen granules. The islands of Langerhans, their cells loaded with dark blue granules, stood out in striking contrast, as shown in figure 2. They appeared normal and were generally quite sharply marked off from the degenerating acinar cells. Their blood supply was evidently abundant.
Guinea pig A, a young animal of moderate size, was operated upon by Dr. MacCaUum, on December 3 o, 19o9, at which time the distal portion of the pancreas, about one third of the gland, was separated from the common mass and the ducts were ligated. The animal showed no ill effects, and indeed, grew to a large size and remained in perfect health for nearly fifteen months, until March 23, 1911, when it was killed. The isolated portion of the pancreas was found to have been converted into a cyst-like duct surrounded by masses of fatty tissue in which were embedded opaque dots, or strands, the only traces remaining of the former pancreatic tissue. The remainder of the pancreas appeared normal.
Microscopically, there was to be found no trace of acinar cells. Figure 3 , which is a drawing under low power of a section of the fatty mass, shows clearly that the remains of the pancreatic tissue consist exclusively of small masses of cells which stain blue. Such a mass is shown under higher magnification in Figure 4 , in which it can be seen that the blood supply is ample. Close examination, by the aid of Bensley's stain, shows that the cells are filled with fine blue granules characteristic of the islet cells, and leaves no doubt that they belong to persisting and actively functioning islands of Langerhans. In some of the islets, as is shown in figure 4 , groups of cells or single cells are scattered indifferently about, in which the granules are very closely packed, so that the cytoplasm of the cell assumes a darker color. These cells, on the whole, appear slightly larger than those with fewer granules. Their nuclei usually contain from one to three fairly large chromatic masses, while the nuclei of the smaller cells most frequently contain more numerous and smaller granules. It may be repeated that' no trace whatever of acinar cells containing zymogen granules and showing the yellowish cytoplasm characteristic of these cells with this stain is to be found in the tissue of this atrophied portion of the pancreas. Several conclusions may, perhaps, be drawn from this preliminary study. First, that the contrast in the staining reaction between the granules of the acinar and the islet cells, as shown by Lane, can be confirmed. Secondly, that during the atrophy of the acinar cells and even long after the last traces of them have disappeared, the islet cells remain morphologically unaffected and filled with the granules which are peculiar to them. Taken together with the experiments of MacCallum, this seems to offer strong evidence in support of the view that the islands of Langerhans are especially, if not exclusively, concerned with the maintenance of the normal carbohydrate metabolism. Fro. 2. An. island of Langerhans from the isolated portion of the pancreas, twenty-one days after ligation of the duct. The acinar ceils are undergoing atrophy but still show a few zymogen granules. The islet cells are filled with blue granules.
